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Abstract

Objectives To compare the effectiveness of an early switch to

oral antibiotics with the standard 7 day course of intravenous

antibiotics in severe community acquired pneumonia.

Design Multicentre randomised controlled trial.

Setting Five teaching hospitals and 2 university medical centres

in the Netherlands.

Participants 302 patients in non-intensive care wards with

severe community acquired pneumonia. 265 patients fulfilled

the study requirements.

Intervention Three days of treatment with intravenous

antibiotics followed, when clinically stable, by oral antibiotics or

by 7 days of intravenous antibiotics.

Main outcome measures Clinical cure and length of hospital

stay.

Results 302 patients were randomised (mean age 69.5

(standard deviation 14.0), mean pneumonia severity score 112.7

(26.0)). 37 patients were excluded from analysis because of early

dropout before day 3, leaving 265 patients for intention to treat

analysis. Mortality at day 28 was 4% in the intervention group

and 6% in the control group (mean difference 2%, 95%

confidence interval −3% to 8%). Clinical cure was 83% in the

intervention group and 85% in the control group (2%, −7% to

10%). Duration of intravenous treatment and length of hospital

stay were reduced in the intervention group, with mean

differences of 3.4 days (3.6 (1.5) v 7.0 (2.0) days; 2.8 to 3.9) and

1.9 days (9.6 (5.0) v 11.5 (4.9) days; 0.6 to 3.2), respectively.

Conclusions Early switch from intravenous to oral antibiotics in

patients with severe community acquired pneumonia is safe

and decreases length of hospital stay by 2 days.

Trial registration Clinical Trials NCT00273676.

Introduction

Community acquired pneumonia is a common and potentially

fatal infection with high healthcare costs.1–3 When patients are

first admitted to hospital antibiotics are usually given

intravenously to provide optimal concentrations in the tissues.

The duration of intravenous treatment is an important determi-

nant of length of hospital stay.4 Conventionally, intravenous

treatment is continued until definite clinical cure. A switch to

treatment with oral antibiotics may allow early discharge and

reduce drug costs, but may increase the rate of treatment failure,

readmission, and death; it may also increase the workload for

family members or healthcare professionals outside the hospital.

The concept of early transition from intravenous to oral anti-

biotics in the treatment of community acquired pneumonia has

been evaluated before, but only in mild to moderately severe dis-

ease and rarely in randomised trials.4–14 For patients with more

severe forms of the disease, effects on outcome and length of

hospital stay have not been determined in randomised trials.

Therefore, we conducted a multicentre randomised trial to

evaluate the effectiveness of an early switch from intravenous to

oral antibiotics compared with a seven day intravenous

treatment regimen in patients with severe community acquired

pneumonia.

Patients and methods

Study design

We performed a multicentre, randomised open label clinical trial

in two university medical centres and five teaching hospitals in

the Netherlands. All patients gave written informed consent

before enrolment.

An independent central randomisation centre used compu-

ter generated tables to allocate treatment. Patients were

randomised to the intervention group, where clinically stable

patients (defined as respiratory rate < 25/min, oxygen

saturation > 90% or arterial oxygen pressure > 55 mm Hg,

haemodynamically stable, > 1°C decrease in temperature in case

of fever, absence of mental confusion, and the ability to take oral

drugs10) were switched from intravenous to oral antibiotics on

the third day in hospital to complete a total of 10 days of antibi-

otic treatment, or to the control group, where patients received a

standard regimen of seven days of intravenous treatment. Addi-

tional antibiotic treatment thereafter was left to the discretion of

the treating doctor. The attending consultant chose the antibiot-

ics on the basis of Dutch treatment guidelines.15

Primary outcome measure was clinical cure. Secondary out-

come measure was the length of hospital stay.

Patients

Adult patients ( ≥ 18 years) with severe community acquired

pneumonia admitted to general hospital wards were eligible for

inclusion in our study. We defined pneumonia as a new or

progressive infiltrate on a chest radiograph plus at least two

other criteria (cough, sputum production, rectal temperature

> 38°C or < 36.1°C, auscultatory findings consistent with pneu-

monia, leucocytosis ( > 109 white blood cells/litre or > 15%

bands), C reactive protein more than three times the upper limit

of normal, or positive culture of blood or pleural fluid).16 Severe
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pneumonia was defined as pneumonia severity index class IV or

V or fulfilling the American Thoracic Society criteria for severe

community acquired pneumonia.17 18 We excluded patients who

needed mechanical ventilation in an intensive care unit and

those with cystic fibrosis; a history of colonisation with Gram

negative bacteria due to structural damage to the respiratory

tract; malfunction of the digestive tract; life expectancy of less

than one month because of underlying disease (assessed

independently by the doctor caring for the patient); infections

other than pneumonia that needed antibiotic treatment; and

severe immunosuppression (neutropenia ( < 0.5×109

neutrophils/litre) or a CD4 count < 200/mm3).

Baseline, follow-up, and outcome measurements

Patients were followed up for 28 days. On admission (day 0), we

performed physical examination, chest radiography, and blood

sampling for arterial blood gases, haematological analysis, and

biochemical markers. We recorded demographic and clinical

data and initial intravenous treatment. During follow-up,

in-hospital clinical data were recorded. We evaluated clinical sta-

bility after three days of intravenous treatment in both groups

and evaluated preset discharge criteria (temperature < 37.8°C,

oxygen saturation > 92%, normal blood pressure, heart rate

< 100/min, respiratory rate < 25/min, absence of mental

confusion, and ability to take oral drugs) daily thereafter. Patients

discharged within 28 days were asked to return to the outpatient

clinic 28 days after inclusion, where history, physical examina-

tion, blood chemistry analysis, and chest radiograph were

performed.

We used questionnaires to measure the effect of early

discharge on adverse events, compliance, and how the route of

administration affected freedom of movement.

Treatment failure was defined as death, still in hospital at day

28 of the study, or clinical deterioration (increase in temperature

after initial improvement or the need for mechanical ventilation,

switch back to intravenous antibiotics, or readmission for pulmo-

nary reinfection after discharge). Clinical cure was defined as

discharged in good health without signs and symptoms of pneu-

monia and no treatment failure during follow-up.16

Microbiological analyses

We used standard procedures to collect, culture, and evaluate

sputum and blood samples. Sputum samples were considered

adequate and subsequently cultured if 25 or more polymorpho-

nuclear neutrophils and fewer than 10 epithelial cells were

present in each high power field.

We used Binax NOW-tests to detect Legionella pneumophila

and Streptococcus pneumoniae antigens in urine. Acute and conva-

lescent serology samples were collected and evaluated for Myco-

plasma pneumoniae, L pneumophila, and Chlamydia pneumonia. Any

non-contaminating micro-organism cultured from a blood or

sputum sample or detected by urinary antigen testing was

considered a cause for the episode of pneumonia.We considered

the following results indicative of infection: for M pneumoniae, a

fourfold or greater increase in titre in paired sera or a single titre

of 1:40 or greater19 (immune fluorescence agglutination,

Serodia-MycoII, Fujirebio); for L pneumophila, a fourfold increase

in the antibody titre to 1:128 or greater, or single titres of 1:256

or more20; and for C pneumoniae, detection of IgM above

established values, seroconversion of IgG between acute and

convalescence samples, high amounts of IgG in single titres, or a

combination of these (enzyme linked immunosorbent assay,

Savyon Diagnostics).

Allocated to intervention group (n=152)
Early switch to oral antibiotics

(after 3 days of intravenous treatment)

Allocated to control group (n=150)
Standard care

(7 days of intravenous treatment)

Received allocated treatment (n=132) Received allocated treatment (n=133)

Analysed in intention to treat analysis (n=132) Analysed in intention to treat analysis (n=133)

Did not receive allocated treatment
  and excluded from analysis (n=17)
Other diagnosis (tuberculosis, urinary
  tract infection, Pneumocystis carinii
  infection) (n=3)
Death before day 3 (n=2)
Withdrew consent (n=7)
Admitted to intensive care before
  day 3 (n=4)
Protocol violation (n=1)

Did not receive allocated treatment
  and excluded from analysis (n=20)
Other diagnosis (urosepsis, sinusitis
  and no pneumonia, nephritis,
  cholangitis, Wegener's granulomatosis,
  pulmonary embolism) (n=6)
Death before day 3 (n=5)
Withdrew consent (n=4)
Admitted to intensive care before
  day 3 (n=2)
Protocol violation (n=3)

Fewer than 7 days of treatment:
  As a result of phlebitis (n=5)
  Patients refused further intravenous
    treatment (n=3)
Not clinically stable at day 3 (n=4)

Not switched to oral treatment (n=24)

Switched to oral treatment 7 days of intravenous treatment

Analysed in per protocol analysis (n=108) Analysed in per protocol analysis (n=121)

Enrolment (n=302)

Flow of participants through trial
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Sample size and statistical analysis

To demonstrate equivalence in effectiveness of the two treatment

groups, we initially set the sample size at 250 patients in each

group on the basis of an expected cure rate of 85% in the intra-

venous group and a 75% cure rate in the switch group (�= 0.05,

two sided; 1-�= 0.80). We calculated the absolute difference in

cure rate including 95% confidence interval. Equivalence was

rejected if the lower limit of the confidence interval exceeded

−10%.
Differences in continuous variables are shown as absolute

differences with corresponding 95% confidence intervals. We

used �2 statistics to compare dichotomous data. Differences in

percentage cure rate are shown with 95% confidence intervals.

We performed intention to treat analysis and per protocol analy-

sis of patients who had received antibiotics for at least the dura-

tion dictated by the study protocol and who were clinically stable

at day 3 after admission to hospital and eligible for an early

switch from intravenous to oral antibiotics.

Results

Characteristics of the patients and treatment assignment

Between July 2000 and March 2004, we considered all patients

admitted to hospital with community acquired pneumonia for

inclusion. Because enrolment was slower than expected fewer

than the precalculated 500 patients were included. In total, 302

patients were randomised: 150 were assigned to the control

group to receive a standard course of seven days’ intravenous

treatment and 152 were randomised to the early switch group

(figure). Baseline characteristics were similar in both groups.

More than 80% of patients were in pneumonia severity class IV

or V. Most patients received empirical monotherapy with amoxi-

cillin or amoxicillin plus clavulanic acid (n = 174; 58%) or a

cephalosporin (n = 59; 20%), which is in line with Dutch

prescribing policies (table 1). The most frequently identified

micro-organism was S pneumoniae (n = 76; 25%, table 2). Atypical

pathogens were detected in 33 patients (11%) (table 2). Before

day 3, 37 (12%) patients were excluded from analysis, leaving 132

patients for analysis in the intervention group and 133 in the

control group. Reasons for exclusion were the initial diagnosis of

community acquired pneumonia was replaced by another diag-

nosis (n = 9), consent was withdrawn (n = 11), the protocol was

violated (n = 4), admission to an intensive care unit for mechani-

cal ventilation (n = 6), and death (n = 7). After three days of intra-

venous treatment, 108/132 (81%) patients in the intervention

group were switched to oral treatment, of whom 102 (94%)

received amoxicillin plus clavulanic acid (500+125 mg every

eight hours).

In the control group, five patients did not receive intravenous

antibiotics for all seven days because of phlebitis associated with

intravenous treatment; none of them needed treatment for line

related sepsis. Overall duration of antibiotic treatment was 10.1

days in the intervention group and 9.3 days in the control group

(mean difference 0.8 days, 95% confidence interval −0.6 to 2.0).

Clinical outcome

In intention to treat analysis, treatment failed in 22 (17%) and 20

(15%) patients in the intervention group and the control group

( −2%, −10% to 7%; table 3). In the control group, nine (7%)

patients were still in hospital on day 28, eight (6%) had deterio-

Table 1 Multicentre randomised trial of early switch from intravenous to
oral antibiotics in severe community acquired pneumonia. Patient’s
characteristics at baseline. Values are number (percentage) unless stated
otherwise

Characteristic
Treatment group

Intervention (n=150) Control (n=152)

Men 102 (68) 97 (64)

Mean (SD) age (years) 69.9 (13.8) 69.0 (14.2)

Nursing home patients 7 (5) 5 (3)

Mean (SI) pneumonia severity score 111.6 (26.3) 113.7 (25.8)

Pneumonia severity class

II 11 (7) 7 (5)

III 14 (9) 11 (7)

IV 93 (62) 111 (73)

V 32 (21) 23 (15)

Mean (SD) leucocyte count (109/l) 17.2 (9.9) 15.7 (8.5)

Mean (SD) C reactive protein (mg/l) 209.1 (151.6) 199.2 (151.4)

Mean (SD) heart rate (/min) 103.3 (22.0) 108.2 (23.0)

Mean (SD) respiratory rate (/min) 26.5 (8.7) 26.6 (8.5)

Mean (SD) temperature (°C) 38.5 (1.2) 38.6 (1.2)

Mean (SD) oxygen saturation (%) 93.3 (5.3) 92.1 (8.3)

Mean (SD) arterial oxygen pressure (mm Hg) 68.4 (20.9) 67.3 (23.1)

Presenting symptom

Myalgia 43 (29) 44 (29)

Nausea 34 (23) 40 (26)

Diarrhoea 14 (9) 25 (17)

Headache 30 (20) 39 (26)

Dyspnoea 129 (86) 131 (86)

Chest pain 54 (36) 47 (31)

Sore throat 12 (8) 16 (11)

Productive cough 94 (63) 90 (59)

Haemoptysis 16 (11) 18 (12)

Confusion 34 (23) 43 (28)

Fever 100 (67) 93 (61)

Comorbidities

Malignancy 32 (21) 35 (23)

Liver disease 0 (0) 3 (2)

Heart failure 20 (13) 17 (11)

Cerebrovascular disease 11 (7) 16 (11)

Renal disease 16 (11) 46 (30)

Initial treatment

Amoxicillin ±clavulanic acid 90 (60) 84 (55)

Cephalosporin (2nd and 3rd generation) 28 (19) 31 (20)

Fluoroquinolone 0 (0) 1 (1)

Amoxicillin ±clavulanic acid +macrolide 15 (10) 11 (7)

Cephahlosporin +macrolide 4 (3) 8 (5)

Other 13 (9) 17 (11)

Table 2 Micro-organisms identified in multicentre randomised trial of early
switch from intravenous to oral antibiotics in severe community acquired
pneumonia. Values are number of patients (percentage)

Micro-organism
Treatment group

Intervention (n=150) Control (n=152)

Streptococcus pneumoniae 29 (19) 47 (31)

Isolated from sputum 6 (4) 16 (11)

Isolated from blood 9 (6) 16 (11)

Positive urinary antigen test 19 (13) 28 (19)

Staphylococcus aureus 7 (5) 5 (3)

Isolated from sputum 5 (3) 4 (3)

Isolated from blood 2 (1) 1 (1)

Haemophilus influenzae* 6 (4) 3 (2)

Mycoplasma catharralis* 5 (3) 0 (0)

Chlamydia pneumoniae† 8 (5) 7 (5)

Mycoplasma pneumoniae† 2 (1) 6 (4)

Legionella pneumophila 4 (3) 6 (4)

Serological evidence 4 (3) 6 (4)

Positive urinary antigen test 2 (1) 3 (2)

Other 17 (11) 24 (16)

Unknown cause 84 (56) 71 (47)

*Isolated from sputum.
†Based on serological evidence.

Research

BMJ Online First bmj.com page 3 of 5



rated clinically, and eight (6%) had died. In the intervention

group, six (5%) patients were still in hospital, six (5%) had

deteriorated clinically, and five (4%) had died.

The duration of intravenous treatment was significantly

shorter in the intervention group (mean 3.6 (SD 1.5) v 7.0 (2.0)

days, mean difference 3.4, 2.8 to 3.9; table 3). Average time to

meet the discharge criteria was 5.2 (2.9) days in the intervention

group and 5.7 (3.1) days in the control group (0.5 days, −0.3 to
1.2) Total length of hospital stay was 9.6 (5.0) and 11.5 (4.9) days

for patients in the intervention group and control group (1.9

days, 0.6 to 3.2). Per protocol analysis showed comparable results

for clinical outcome and length of hospital stay (table 4). Patients

meeting discharge criteria were not always discharged immedi-

ately; the main reasons were incomplete resolution of all clinical

criteria of pneumonia or comorbid illness, the anticipated lack of

continued care after discharge, and doctor’s considerations.

Overall, patients treated with oral or intravenous antibiotics

had the same problems with regard to mobility and other side

effects.

Discussion

Patients admitted to hospital with severe community acquired

pneumonia can be managed more efficiently by an early switch

from intravenous to oral drugs—81% of patients could be

switched to oral antibiotics on day 3, which reduced the average

length of hospital stay by at least 1.9 days. Our findings can

probably be generalised, as our patients were similar to other

cohorts with this disease in terms of average length of stay in the

control group, aetiology, and mortality rate.8 14

Strengths and limitations

Our study provides evidence that an early switch from

intravenous to oral antibiotics is safe in patients with severe com-

munity acquired pneumonia. In most previous studies, a

non-randomised design was used,4 5 9 specific patient popula-

tions in military hospitals or moderately ill patients were

studied,6 sample sizes were small,8 or the patients were switched

relatively late—for example, after two to three consecutive days

without fever.8 14

Our study had several limitations. The number of patients

included was lower than calculated before the start of the study.

Because results show small and non-significant differences in

rates of treatment failure, however, it is highly unlikely that an

early switch is more than 10% less effective. Moreover, mortality

rates were even lower in the intervention group.

The effects of switching treatment may have been

overestimated for two reasons. Firstly, in patients who were clini-

cally stable at day 3, protocol dictated an intravenous to oral

switch, but it is uncertain how many patients would have been

switched in daily practice. With growing confidence in the safety

of an early switch strategy this effect might decrease. Secondly,

the minimum duration of intravenous treatment for the control

group of seven days was also dictated by protocol, and shorter

durations would have decreased the benefits of an early switch as

long as failure rates remained the same.

In contrast, the effects of switching treatment could have

been underestimated for two reasons. Firstly, the protocol did

not cover discharge, and doctors’ views on continued stay in hos-

pital strongly influenced delayed discharge of clinically stable

patients. With growing confidence, this phenomenon may

decrease. Although clinical instability at discharge is associated

with adverse clinical outcomes, clinical deterioration after reach-

ing clinical stability is rare.21 In our study, only three (2%) patients

were restarted on intravenous drugs after being switched to oral

treatment. Secondly, the protocol only allowed patients to be

switched to oral drugs when they were clinically stable on day 3.

Patients who were clinically stable before day 3 could possibly be

switched earlier, which could enhance the benefits of this

strategy.

Table 3 Outcomes in multicentre randomised trial of early switch from
intravenous to oral antibiotics in severe community acquired pneumonia.
Intention to treat analysis. Values are number of patients (percentage)
unless stated otherwise

Clinical outcome

Treatment group

Mean difference (95% CI)Intervention
(n=132)

Control
(n=133)

Death after day 3 5 (4) 8 (6) 2% (−3% to 8%)

Clinical cure 110 (83) 113 (85) 2% (−7% to 10%)

Clinical failure: 22 (17) 20 (15) −2% (−10% to 7%)

Clinical cure but still in
hospital

9 (7) 6 (5) −2% (−4% to 8%)

Clinical deterioration 8 (6) 6 (5) −1% (−4% to 7%)

Death 5 (4) 8 (6) 2% (−3% to 8%)

Clinical deterioration and
death

13 (10) 14 (11) 1% (−1% to 8%)

Mean (SD) length of hospital
stay (days)

9.6 (5.0) 11.5 (4.9) 1.9 (0.6 to 3.2)

Mean (SD) duration of
intravenous treatment
(days)

3.6 (1.5) 7.0 (2.0) 3.4 (2.8 to 3.9)

Table 4 Outcomes in multicentre randomised trial of early switch from
intravenous to oral antibiotics in severe community acquired pneumonia.
Per protocol analysis. Values are number of patients (percentage) unless
stated otherwise

Clinical outcome

Treatment group
Mean difference (95%

CI)Intervention
(n=108)

Control
(n=121)

Death after day 3 1 (1) 8 (7) 5% (0% to 12%)

Clinical cure 93 (86) 101 (83) −3% (−12% to 7%)

Clinical failure 15 (14) 20 (17) 3% (−7% to 12%)

Clinical cure but still in
hospital

6 (6) 6 (5) −1% (−7% to 6%)

Clinical deterioration 8 (7) 6 (5) −2% (−9% to 5%)

Death 1 (1) 8 (7) 6% (0% to 12%)

Clinical deterioration plus
death

9 (8) 14 (12) 4% (−6% to 12%)

Mean (SD) length of hospital
stay (days)

9.0 (4.7) 11.3 (4.7) 2.3 (1.0 to 3.6)

Mean (SD) duration of
intravenous treatment
(days)

3.3 (1.1) 7.5 (2.0) 4.2 (3.7 to 4.6)

What is already known on this topic

An early switch to treatment with oral antibiotics in

community acquired pneumonia may allow early discharge

and reduce drug and treatment costs

Studies have evaluated only patients with mild to

moderately severe disease, rarely in a randomised design

What this study adds

Early transition to oral antibiotics can safely be

implemented in clinical practice in patients with severe

community acquired pneumonia who do not need

treatment in intensive care

Such a strategy leads to a reduced length of hospital stay
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